We present a method to generate qubits of the vibrational motion of an ion. The method is developed in the non-rotating wave approximation regime, therefore we consider regimes where the dynamics has not been studied. Because the solutions are valid for a more extended range of parameters we call them generalized qubits.
wheren =â †â , withâ † (â ) the ion vibratonial creation (anihilation) operator, andσ + = |e g| (σ − = |g e| ) is the electronic raising (lowering) operator, |e (|g ) denoting the excited (ground) state of the ion. The detuning δ is defined as the difference between the atomic transition frequency (ω 0 ) and the frequency of laser(ω L ).
Applying the unitary transformationT 1 [16] 
(whereÎ = |g g| + |e e| andD(β) is the displacement operator with β = iη 2 its amplitude) to (1), we obtain the linearised Hamiltonian (in the on resonance case i. e. δ = 0), given by [16] 
We now apply the unitary tranformationT
to (3) to obtainĤ 2 =T 2Ĥ1T † 2 ,
By considering ǫ ≪ 1, we can approximate (5) as (we disregard constant terms that only contribute to a shift of energies)Ĥ
and by setting
we finally obtainĤ
Note that the coupling constant, λ = 2ηνΩ ν+2Ω , has changed (before it was ην 2 ). We should remark that transformation (4) requires ǫ ≪ 1 and this may be achieved in different forms: a) η ≪ 1 and ν and Ω any numbers (this is, it can be ν ≪ Ω, ν ≫ Ω or of the same order of magnitude); b) no restrictions on η and ν ≪ Ω or, c) η < 1 and ν < Ω (note that, for instance, a value of η = 0.3 and Ω = 2ν gives ǫ = −0.03). The three possibilities above allow the Hamiltonian to be approximated to first order and to disregard terms of second and higher orders.
We are now in the position to give a solution to the Hamiltonian (1), that reads
where we have written
with β − = i( 
where we defined ∆ = Ω − ν 2 . Equation (11) may be finally written in the form [20] 
By considering the ion initially in its excited state and in a coherent (vibrational) state with amplitude β − , i.e.
we obtain the evolved wave function at time t
with α 1 = 1|αn|1 . Note thatD(β − )|k = |β − , k is a displaced number state [21] . By measuring either the excited state or ground state of the ion (there are standard techniques to do so, see for instance [9] ), we end up with a superposition of displaced number states with amplitude β − or −β − , respectively. Therefore, by displacing the resulting state if the ion is measured in the excited state by −β − (or by β − if measured in the ground state, we produce a qubit of the vibrational motion of an ion. To clarify this point, let us assume the ion is measured in the excited state. The vibrational wave function collapses to the state
where N is the normalization constant. By finally displacing the state by an amplitude −β − , we obtain the (qubit) state
Moreover, without (conditional) measurement, and by controling the interaction time between the ion and the laser beam, setting it to α 1 t = π, the (Schrödinger cat) state
is generated. This state was produced in [4] and also studied in [22] . Note that the quantity β − is slightly larger than the Lamb-Dicke parameter, which in general is not needed to be small. In this contribution we have suceeded in solving the problem of trapped ion interacting resonantly (δ = 0 case) with a laser field whitout making the rotating wave aproximation, but applying a method of small rotations that allowed such solution. It should be remarked that now there are new regimes that can be reached, since the usual approximations as the low intensity or high intensity regimes were not considered.
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